The present communication describes a new generalised measure of useful directed divergence based on m-l probability distributions, and a probability distribution closest to these probability distributions has been proposed. The technique has been applied in solving problems related to crops production, export, and industries. Further, a generalised measure of useful information improvement has been developed and its applications in the assessment of balanced military requirements for a country, in ranking and pattern recognition, have been discussed.
DEF SCI J, VOL 54, NO Hooda" characterised a quantitative-qualitative measure of direct-divergence that utility information scheme [Eqn (5) ] provides about utility information scheme [Eqn (6) ], which was called useful relative information measure and was given by
Where Sand S* are the posterior and the prior utility information schemes of an experiment. (2) i=! This measure was also characterised by Sharma, Mitter and Mohan", and Aggarwal and Picard" . Later on Bhaker and Hooda 5 characterised two measures of'useful information for a generalised probability distribution and utility distribution attached to a random variable.
and
• H a (P; U) log I-a If one considers P as a probability distribution of a set of n events on the basis of an experiment whose prior probability distribution is:
Later on, considering u; independent of P and directly proportional to its importance, Tanej~and Tuteja? characterised axiomatically the quantitativequalitative measure of relative information as The measure [Eqn (8) ] was characterised and generalised for complete probability distributions by various authors . Bhaker and Hooda ' considered P and Q as the posterior and prior general ised probability distributions, respectively, of an experiment having utility distribution U and characterised the following measures of useful relative information : 
Kapur" has suggested a weighted directeddivergence measure corresponding to KullbackLeibler's measure as This measure satisfies all the above-mentioned conditions but its application needs to be studied .
GENERALISED MEASURES OF USEFUL DIRECTED DIVERGENCE
Most of the measures mentioned in Section I are additive in nature . The non-additive weighted directed-divergence measure or useful relative information measure was first introduced by Hooda" and Taneja'" for generalised probability distributions. They characterised the following measure by different methods :
Ram" has made an extensive study of nonadditive generalised measures of useful relative information and J-divergence .
Some ph ysical problems appear where D (?IQ; U)
11 n IS minimised with constraints L U ; P;~LUi qi . ( 12) such that u; > 0 is qualitative characteristics of an event E; and is independent of its probability of occurrence. Then, the sum of useful directed-divergence measures of PI from the other m-I probability distributions is given by
is a probability distribution, then
This is minimum when PI = P", where A and P' are given by Eqns (14) and (15), respectively. Thus, P' is the probability distribution which is closest to P z ' .... , Pm in the sense that the sum of useful directed-divergence measure from P' to (m-I) distributions P z ,... , Pm is minimum. This technique can be applied to solve various types of problems .
In 1997 and 1998, a farmer has sown wheat, gram, and barley in area proportions (0.5, 0.5, 0.2) and (0.45, 0.25, 0.30), respectively. The yield of these crops per unit area was estimated as 900 kg, 500 kg and 600 kg, respectively. Estimate area proportions for these crops for the year 1999, however, close to the given proportions, such that the expected yield may be more than the average of yields of 1997 and 1998. Their export price rate per quintal are Rs 800, Rs 500, Rs 600 and Rs 400, respectively. These goods are to be exported to 4 th country in proportions closest to the proportion of three countries, such that the expected export to 4 th country may not be less than the average of exports to these countries. Estimate the proportions. 
USEFUL INFORMATION IMPROVEMENT MEASURES
n LP;= I }, n ;::: 1 be a set of all finite discrete ;=1
Let P j = (Plj' P 2j ,..., P"j) be m probability distributions, each of which has attached ' with it an utility distribution U = (u" u 2 ' . .. , u,,), where u; > 0 is the utility or qualitative characteristic of an event whose probability of occurrence is P' j' However, in general u; is independent of Plj' Let PI be the true proportion vector which was initially estimated as Pm' but due to new developments it was revised to P 2 , P 3 , ... , P m -!' then m-2 useful information improvement measures are: probability distributions . Theil" defined a measure of information given by
The average of these measures is given by (20) factor is attached to mathematical model Eqn(20), then one has proportions integrated with reliability and utility:
Let rij (0 S rij S I); i = I, 2,... , n; j = I, 2, ... , m; is the reliability factor assigned to the i th category of weapon system by the j" country. P and u . have
I) I
the same meaning as mentioned above in (i).
and and
Define rijPij
APPLICATIONS
It has a meaningful interpretation in terms of improvement of useful information in revising the estimate of PI from P to P', where P' is the '" probability distribution closest to P 2 , P 3 , · .. , Pm-I'
p' =(p; P; PI:)
The measures proposed earlier may find various applications. Some of these are : l'h category of weapons system (say tanks, missiles, fighter planes, etc.) by the j'h country and u; be the operational capability of a particular weapon system. In general, IIi is independent ofthe country. So, P' in Eqn (2 I) can be interpreted as the appropriate choice, ie, the first country should have the proportion of different categories of weapon system closest to other countries. If the quantity given by Eqn(20) is positive, one can say that operational capability of the country has improved by revising the estimate of PI from P to P' and revision is advantageous . Thus P" is a probability distribution of different categories of weapon system coupled with reliability and utility factors which is the closest to the given proportions of categories of weapon system of other countries. In this way, one can obtain proportions of different categories of weapon system along with reliability and utilities which at least a country should have to meet the challenge of future battle. (iv) One can use the methodology developed in sections 2 and 3 in measuring difference of opinion in a group of persons , in ranking and selection, in pattern recognition, etc. with a proper interpretation of utility distribution according to situation being encountered.
(v) The measure can also be applied in preparation of a country budget where many revisions are effected due to changing situations like drought, floods, inflation, recession, etc .
GENERAL DISCUSSION & CONCLUSIONS
(a) The measure [Eqn (20)] developed in the present paper is obtained by taking the average of (m-2) improvements of useful information. One could also consider groups of probability distributions and obtain a new measure by reducing it into three groups of probability distributions. Thus one can develop a new measure by taking other central tendency measure instead of taking arithmetic mean .
(b) There are a number of parametric general ised measure of information available in the literature. One can consider these and apply the same methodology to get more generalised directeddivergence measures coupled with reliability and utility factor, which may have KullbackLeibler measure with utility as limiting case. The role of involved parameter in the measure gives accountability of the goodness of fit.
(c) The data required to apply these measures to assess military requirements, one needs to get the proportions of defence budget, proportions 132 of different categories of weapon system, applicability and operational capacity with their reliability from various countries. Such data can be collected from our country, but difficult to get the exact figure of other countries.
(d) The estimated proportions are not valid in case of Problem 3. Now it is an open problem, "Can one find the required proportions' by taking any mean other than geometric or by any new technique?"
